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S U M M A R Y
The work herein reported shows the influence of pasteuriza­
tion under practical conditions and for considerable periods of 
time on the bacterial content. Two methods of pasteurization 
were used, the vat method and the final package method and the 
results secured with each are presented in detail.
The distribution into groups of the 127 counts on the raw milk 
used for vat pasteurization was as follows: 25.2% were between 
0 and 100,000 per c. c . ; 30.7% were between 100,001 and 500,000 
per c. c .; 12.6% were between 500,001 and 1,000,000 per c. c . ; 
while 31.5% were over 1,000,000 per c. c.
The distribution into groups of the 131 counts on milk pas­
teurized by the vat method was as follows: 18.3% were be­
tween 0 and 500 per c. c . ; 23.7% were between 501 and 5,000 per 
c. c.; 9.9% were between 5,001 and 10,000 per c. c.; 35.1% were 
between 10,001 and 50,000 per c. c . ; 9.9% were between 50,001 
and 100,000 per c. c., while 3.1% were over 100,000 per c. c.
The distribution into groups of the 124 counts on the raw milk 
used for final package pasteurization was as follows: 41.9% 
were between 0 and 1(5),000 per c. c . ; 33.1% were between 100,001 
and 500,000 per c. c . ; 8.1% were between 500,001 and 1,000,000 
per c. c., while 16.9% were over 1,000,000 per c. c.
The distribution into groups of the 129 counts on the milk 
pasteurized by the final package method was as follows: 51.9% 
of the samples were between 0 and 500 per c.c.; 27.9% were be­
tween 501 and 5,000 per c.c.; 6.2% were between 5,001 and 10,- 
000; 10.1% were between 10,001 and 50,000 ; 2.3% were between
50,001 and 100,000 per c. c., while only 1.6% were over 100,000 
per c. c.
The raw milk used with the two methods of pasteurization was 
not of the same quality and accordingly they cannot be compared 
exactly as to the results obtained. In  a general way, however, it 
can be stated that there was a  considerably smaller number of 
high counts on the milk pasteurized with the final package method 
than on the milk pasteurized by the vat method and that from the 
bacteriological standpoint the final package method is preferable 
to the vat method because of the protection that it affords against 
contamination after pasteurization.
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BACTERIOLOGICAL RESULTS OBTAINED IN 
PRACTICE WITH VAT PASTEURIZATION 
AND WITH ONE OF THE FINAL 
PACKAGE METHODS
By B. W. Hammer.
The pasteurization of milk and cream intended for consump­
tion as such has now been practised for a considerable period. 
Many sets of figures are available showing the bacterial content 
before and after pasteurization with various methods and much 
information has been obtained relative to the bacterial content of 
pasteurized milk at the time of delivery. The data on the in­
fluence of pasteurization on the bacterial content over considera­
ble periods of time are not so numerous, however, and it was with 
the idea of securing information under practical conditions on 
this point that the work herein reported was carried out.
PLAN OF WORK.
The milk studied was that pasteurized in the market room of 
the dairy department of the Iowa State College for delivery on 
the route. Two grades of milk are put out-—the one pasteur­
ized by the vat method and the other by the final package method 
—and a study was made of each.
In the vat pasteurization the usual procedure was followed and 
the exposure was 140 to 145° F. for from 20 to 25 minutes. 
Cooling was carried out first with tap water, then with ice water, 
and finally the milk was put into cans or bottles and placed in a 
refrigerated room.
In the final package method, the bottles of milk were capped 
with a crown seal and put into cases which were then placed in 
a tank of water at about 110° F. As soon as all the milk was'ln, 
steam was run into the water until it was about 145° F. when the 
steam was shut off. The temperature of the milk was ascer­
tained by means of a bottle thermometer and it was held between 
140 and 145° F. for 20 minutes. It was commonly necessary 
to add more steam to accomplish this. Cooling was carried out 
bv running in cold water and later removing the cases, packing 
with ice, and placing them in a refrigerated room.
The milk used was milk brought to the college creamery from 
various producing farms and different lots were used for the 
two methods. In both cases a sample of the raw milk was col­
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lected in a sterile bottle and packed in ice. W ith the vat method 
a representative sample was collected in a sterile bottle and cov­
ered with a sterile cap after cooling in the pasteurizer while with 
the final package method a bottle of the pasteurized milk was 
taken at random after cooling with water. W ith both methods 
the pasteurized milk was at once packed in ice and brought to the 
laboratory together with the raw samples, where the examina­
tions were begun as soon as possible.
All the pasteurizing was done by the men working regularly 
in the market milk room and accordingly the results represent 
essentially practical conditions. The men operated the pasteur­
izing machinery along with their other work, consisting of receiv­
ing milk, filling bottles, separating, etc., and hence it did not re­
ceive the attention that it might have received under experi­
mental conditions. Every effort was made, however, to have 
the milk delivered thorolv pasteurized so that it would be abso­
lutely safe.
It was planned to study both the raw and the pasteurized milk 
every day, but Sundays were commonly skipped and in a few in­
stances on week days it was inconvenient to save sam ples; occa­
sionally the raw samples were forgotten so that only the data on 
the pasteurized milk are available.
METHODS USED.
The plates were poured with beef infusion agar (1% peptone, 
reaction + 1 .5 )  and were incubated at 37° C. for 48 hours. The 
results given are the average of two plates except in a few in­
stances when one plate was lost.
RESULTS OBTAINED.
The results obtained in the study of the vat pasteurization are 
presented in detail in table I.
The bacterial content of the raw milk was extremely variable, 
as would be expected where a number of producing farms with 
no supervision were involved. The distribution of the 127 counts 
on raw milk into groups is shown in table 2: 25.2% were be­
tween 0 and 100,000 per c. c . : 30.7% were between !00,001 and
500,000 per c. c . ; 12.6r , were between 500,001 and 1.000,000 per 
c. c., while 31.5% were over 1,000,000 per c. c. The highest 
count secured was 15,000,000 per c. c. on Feb. 1, and the lowest 
was 11,100 per c. c. on March 12. A study of table 1 shows that 
there was a general tendency for an increase in the bacterial count 
with an advance toward the warm m onths; this relationship is by 
no means a close one since high counts were secured in each of 
the six months studied, but it very evidently exists and high
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counts were much more numerous in May and June than in the 
preceding months of the year.
The bacterial content of the pasteurized milk was also rather 
variable. The distribution of the 131 counts on pasteurized milk 
into groups is shown in table 3: 18.3% were between 0 and 500 
per c. c .; 23.7% were between 501 and 5,000 per c. c .; 9.9% were 
between 5,001 and 10,000 per c. c .; 35.1% were between 10,001 
and 100,000 per c. c., while 3.1% were over 100,000 per c. c. 
The highest count was 1,000,000 per c. c. on May 24 and 
the lowest 95 per c. c. on April 5. There was a general, but 
by no means close, relationship between the count on the raw 
milk and the count on the pasteurized product and in accordance 
with this there were more high counts during May and June than 
during January, February, March and April. In a number 
of instances (e. g. Feb. 12, Feb. 22, M arch 5, etc.) there was 
a comparatively small decrease in the bacterial count as a result 
of the pasteurization; since the exposure aimed at should effect 
a satisfactory destruction of organisms, it seems that the compar­
atively high figures after pasteurization must be due to defective 
heating or to contamination in some unknown way after heating.
The results obtained in the study of the final package pasteuriza­
tion are presented in detail in table IV.
The bacterial content of the raw milk was again quite varia­
ble. The distribution on the 124 counts on the raw milk into 
groups is shown in table 5: 41.9% were between 0 and 100,000 
per c. c . ; 33.1% were between 100,001 and 500,000 per c. c . ; 8.1% 
were between 500,001 and 1,000,000 per c. c., while 16.9% were 
over 1,000,000 per c. c. A comparison of these data with those 
secured on the raw milk used with the vat method shows that a 
better quality of raw milk was used with the bottle method of 
pasteurization and accordingly the two methods cannot be closelv 
compared. The highest count secured was 20,000,000 per c. c. 
on May 11. and the lowest 10,650 per c. c. on Feb. 11. Table IV 
shows, much as does table I, a general tendency for an increase 
in the bacterial count with an advance toward and into the sum­
mer months. Some of the high counts (e. g. May 11) occurred 
with a comparatively low count both the day before and the day 
after, while in other instances a high count occurred over a per­
iod of several days (e. g. Jan. 25 to 28.)
The distribution of the 129 counts on the pasteurized milk into 
groups is shown in table 6: 51.9% of the samples were between 
0 and 500 per c. c . ; 27.9% were between 501 and 5.000 per c. c . ; 
6.2% were between 5,001 and 10,000; 10.1 , were between
10,001 and 50,000; 2.3% were between 50,001 and 100,000 per 
c .c.; while only 1.6% were over 100.000 per c.c. The highest count 
secured was 300,000 per c. c.. on April 29. and the lowest, 5 per
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c. c. on April 23. There was a general tendency toward higher 
counts during the warm months of the year, when the counts 
on the raw milk were the highest, but in many instances a high 
original count was followed by a very low count after pasteu- 
ization. The most significant thing about the data on the pasteur­
ized milk is the large number of low counts; 86.0% of the counts 
were between 0 and 10,000 per c. c., and 96.1% were between 0 and
50,000 per c. c. Such results indicate that the final package 
method of pasteurization gives very satisfactory results from the 
bacteriological standpoint under the conditions employed.
DISCUSSION OF RESULTS.
The results which are presented in tables I and IV show that 
with either the vat method or the final package method studied, 
the pasteurized milk had a satisfactory bacterial count in the 
great majority of cases. There was an occasional high count 
with either method and, since it is improbable that there was any 
appreciable contamination of the milk after pasteurization, it 
seems that the high counts on the pasteurized milk must have 
been due, in most instances at least, to insufficient heating. In­
accurate regulation of the temperature and time of pasteuriza­
tion is extremely hard to avoid where the man carrying out the 
pasteurization also attends to other work at the same time and 
this inaccuracy is likely to result in overheating as well as under­
heating. It is evident that in the smaller plants without elabor­
ate equipment or a regular operator for the pasteurizing machin­
ery that some variation in the heating of the milk is very likely 
to occur. This point is well worth consideration in deciding on 
the pasteurization exposure to use, and moreover, the sanitary 
importance of the heating justifies the men in the plant in making 
an attempt to have any variation that occurs in the direction of 
overheating rather than underheating.
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TA B LE I—RESULTS OBTAINED IN T H E  STUDY OF T H E  VAT PASTEURIZATION.
Bacterial C onten t per C. C. B acterial C onten t per c. c.
Date Raw Pasteurized Date Raw Pasteurizec
1-19 238,000 11.500 3-30 31,000 165
1-20 69,000 8,900 3-31 - 215
1-21 485,000 7,150 ' 4-1 600,000 • 30,000
- 1-22 159,000 1,675 4-2 2,000,000 4,600
1-23 880,000 4,100 4-3 77,000 30,000
1-24 3,300,000 1,750 4-5 106,000 95
1-25 7,000,000.. 11,050 4-6 4,000,000 10,400
1-26 1,590,000 280 4-7 58,000 50,000
1-27 1,105,000 330 4-8 600,000 500
1-28 740,000 280 4-12 2,000,000 5,000
1-29 1,210,000 340 4-13 3,000,000 35,000
1-30 340,000 9,800 4-14 167,000 27,000
1-31 227,500 15,150 4-15 800,000 70,000
2-1 15,000,000 200,000 4-16 112,500 v 300
2-2 171,000 295 4-17 145,000 1,135
2-3 640,000 15,100 4-19 400,000 37,000
2-4 900,000 11,150 4-20 500,000 5,400
2-5 241,500 55,000 4-21 320,000 36,000
2-6 139,000 10,800 4-22 280,000 4,000
2-7 146,500 4,800 4-23 217,000 3,400
2-8 36,000 6,500 4-24 3,000,000 27,500
2-9 600,000 105 4-26 740,000 45,000
2-10 26,000 3,800 4-27 5,000,000 25,000
2-11 4,800,000 28,400 4-28 6,000,000 3,000
2-12 45,000 30,000 4-29 310,000 45,000
2-13 46,000 4,400 5-1 280,000 10,300
2-14 28,000 125 - 5-2 505,000 32,500
2-15 23,000 6,000 5-4 1,020,000 7,000
2-16 400,000 3,600 5-5 600,000 50,000
2-17 148,000 665 5-6 1,425,000 17,800
2-18 27,300 535 5-10 3,600,000 100,000
2-19 68,000 3,000 5-11 645,000 35,000
2-20 340 5-12 950,000 40,000
2-21 123,500 170 5-13 3,500,000 70,000
2-22 60,500 48,000 5-14 2,015,000 50,000
2-23 63,000 910 5-15 7,500,000 50,000
2-24 21,700 280 5-17 ' 163,000 $,750
2-25 107,000 200 5-18 1,150,000 52,500
2-26 98,500 730 5-19 137,000 62,900
2-27 13,800 370 5-20 153,000 10,450
2-28 12,800 260 5-21 755,000 50,000
3-1 27,550 10,350 5-24 6,000,000 1,000,000
3-2 1,500,000 200,000 5-25 3,000,000 37,500
3-3 30,000 15,200 5-26 2,165,000 60,000
3-4 - 2,000,000 35,000 5-27 490,000 80,000
3-5 74,500 60,000 5-28 2,780,000 7,200
3-6 184,000 40,000 5-29 4,000,000 500,000
3-8 325,000 300 5-31 490,000 82,600
3-9 160,000 560 6-1 .. vr 805,000 9.600
3-10 350,000 135 6-2 1,200,000 33,000
3-11 73,000 160 6*4 . 2,170,000 28,000
3-12 11,100 910 6-5 6,000,000 75,000
3-13 18,000 215 6-7 26,000 8,500
3-15 42,000 345 6-8 110,000 1,400
3-16 450,000 4,200 6-9 1,890,000 4,500
3-17 5,000,000 14,400 6-10 300,000 27,000
3-18 14,000 185 6-11 465,000 730
3-19 185,000 2,300 6-12 2,035,000 2,250
3-20 28,000 1,570 6-14 4,760,000 17,750
3-22 40,000 7,450 6-15 1,280,000 1,900
3-23 69,500 8,100 6-16 585,000 22,500
3-24 1,310 6-17 330,000 ..»■ • 21,400
3-25 2,000,000 100,000 6-18 7;500,000 11,000
3-26 22,800 . 2,160 6-19 10,000,000 - 66,000
3-27 35,000 . 3,650 6-21 7,560,000 15,500
3-29 . 30,000
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TABLE II—DISTRIBUTION OP T H E  COUNTS INTO GROUPS ON T H E  BASIS OF 
T H E  BACTERIAL CONTENT.
Raw Milk—V at P asteu rization
No. o f Samples i Percent o f T o ta l No.
0-100,000 _________________________ 32 25.2
100,001-500,000 _________  ____ _______ 39 30.7
500,001-1,000,000 __________________________ 16 12.6
Over 1,000,000 ___ _______________________ 40 31.5
T o ta l ---------------- --------- --------------- - 127 100.0
H ighest coun t ___________________________i 15,000,000
Low est count ------------------------------------------ I 11,100
TABLE II I—DISTRIBUTION OF T H E  COUNTS INTO GROUPS ON T H E  BASIS OF 
T H E  BACTERIAL CONTENT.
Pasteurized Milk—V at P asteu riza tio n .
No. o f Samples Percent o f T o ta l
0-500 ........ ................ ............ I ................. 24 18.3
501-5,000 ........ ............ — ........................... —. 31 23.7
5,001-10,000 .............. ............................................  13 9.9
10.001-50,000  —.....................................! 46 35.1
50.001-100,000  - .........| 13 9.9
Over 100,000 ____________ — ....................... — : 4 3.1
T o ta l ___________________________ ____ ; 131 100.0
H ighest coun t .......... — ....................... — ......... 1,000,000
Lowest coun t ........................................................ ; 95
TABLE IV—RESULTS OBTAINED IN T H E  STUDY O F T H E  FINAL PACKAGE 
PASTEURIZATION.
B acterial C onten t per c . c. B acterial C onten t per c. c.
Date Raw Pasteurized Date Raw Pasteurized
1-19 211,000 155 3-30 71,000 7,200
1-20 97,500 360 4-1 71,500 655
1-21 93,000 1,420 4-2 42,500 20
1-22 124,500 390 4-3 53,500 270
1-23 480,000 4,100 4-5 70,500 3.900
1-24 312,000 28,800 4-6 1,700
1-25 1,435,000 85 4-7 45,500 ' 6,400
1-26 1,260,000 205 4-8 191,500 1,480
1-27 2,090,000 340 4-12 86,000 70
1-28 1,700,000 j 105 4-13 193,500 1,100
1-29 100 4-14 108,000 18,800
1-30 980,000 205 4-15 169,000 35
1-31 187,000 165 4-16 137,000 85
2-1 3,500,000 320 4-17 135,000 25
2-2 184,000 365 4-19 600,000 30,000
2-3 620 4-20 350,000 . 13,200
2-4 99,500 135 4-21 360,000 6.300
2-5 150,000 4-22 280,000 440
2-6 51,000 75 4-23 275,000 5
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TABLE IV—(Continued».
B acteria l C onten t per c. c. B acterial C onten t per c. c.
D ate Raw Pasteurized D ate Raw Pasteurized
2-7 184,500 700 4-24 51,000 610
2-8 25,700 145 4-26 730,000 10.450
2-9 41,000 50 4-27 2,000,000 190
2-10 35,500 4,300 4-28 730,000 29,000
2-11 10,650 110 4-29 1,170,000 300.000
2-12 139,000 395 5-1 132,000 15
2-13 64,500 75 5-2 100,500 50
2-14 47,500 20 5-4 360,000 35
2-15 30,500 4,400 5-5 340,000 500
2-16 39,500 3.600 5-6 60,000 340
2-17 127,000 85 5-10 53,000 7,700
2-18 24,300 390 5-11 20,000,000 8,200
2-19 56,500 285 5-12 237,500 110
2-20 22,100 70 5-13 310,000 720
2-21 28,500 140 5-14 360,000 30,000
2-22 1,020,000 700 5-15 970,000 100
2-24 58,500 110 5-17 100,000 185
2-25 49,500 135 5-18 105,000 4,700
2-26 97,500 430 5-19 120,000 2,700
2-27 12,300 220 5-20 105,000 110
2-28 50,000 55 5-21 290,000 600
3-1 25,700 80 5-24 4,000,000 ' 2,900
3-2 1,200,000 120 5-25 2,540,000 16,600
3-3 26,500 290 5-26 249,000 21,900
3-4 1,800,000 100 5-27 420,000 2,000
3-5 92,500 350 5-28 1,135,000 9,050
3-6 116,000 60 5-29 1,515,000 50,000
3-8 89,000 170 5-31 590,000 610
3-9 238,000 120 6-1 730,000 1,300
3-10 370,000 180 6-2 227,000 720
3-11 59,500 85 6-4 690,000 13,500
3-12 33,000 390 6-5 595,000 9,200
3-13 37,000 180 6-7 148,500 3,840
3-15 50,500 230 6-8 84,000. 600
3-16 108,000 485 6-9 * 44,000 4,300
3-17 40,000 6-10 38,000 2,470
3-18 17,350 175 6-11 230,000 350
3-19 57,500 2,250 6-12 1,085,000 5,700
3-20 52,000 325 6-14 1,110,000 450
3-22 54,000 315 6-15 1,135,000 60,000
3-23 37,000 665 6-16 1,200,000 560
3-24 23,300 820 6-17 780,000 3,380
3-25 19,950 515 6-18 6,000,000 60,000
3-26 37,000 4,000 6-19 1.300,000 2,750
3-27 31,000 1,190 6-21 350,000 77,400
3-29 233,500 19,100
TABLE V—DISTRIBUTION O F T H E  COUNTS INTO GROUPS ON T H E  BASIS OF 
TH E  BACTERIAL CONTENT.
Raw Milk—Final P ackage P asteu riza tio n .
No. o f Samples Percent T o ta l Samples
0-100,000 __________________________ 52 41.9
100,001-500,000 __________________________ 41 33.1
500,001-1,000,000 __________________________ 10 8.1
Over 1,000,000 ___________________________ 21 16.9
T o ta l ________________________________ 124 100.0
H ighest count ___________________________ 20,000,000
Lowest coun t _____________ _____________ 7,900
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TABLE VI—DISTRIBUTION O F T H E  'COUNTS INTO-GROUPS ON T H E  BASIS OF 
T H E  BACTERIAL CONTENT.
Pasteurized  Milk—Final Package P asteu riza tio n .
j t
j No. o f Sam ples Percent T o ta l Samples
0-500
i
__________________________ 67 51.9
501-5,000 _________________________  36 27.9
5,001-10,000 __________________________ 8 6.2
10,001-50,000 — __________ __________, ____  13 10.1
50,001-100,000 — __________________________ 3 2.3
Over 100,000 __________________________ 2 1.6
T o ta l ______ _______________________  129 100.0
H ighest coun t _. . . . . . ____________________  300,000
Lowest coun t
10
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